Mature weight, maturation rate and lifetime maternal performance, through a maximum of seven calving seasons, were analyzed for 182 cows of Angus (A) and Milking Shorthorn (S) breeds and the two reciprocal crossbred groups. Mature weight and rate of maturation were estimated for the three-parameter growth curve described by Brody. Estimates derived for mature weight (kilograms), both unadjusted and adjusted for cow condition, were, respectively: Angus, 421, 407; Shorthorn, 409,459; A X S, 448,455 and S • A, 440,441 (approximate standard error, 8 kg). Estimates for the maturation rate parameter were, respectively: Angus, 5.8, 6.3; Shorthorn, 6.6, 5.4; A • S, 6.2, 6.1 and S x A, 5.9, 6.1%/month (approximate SE, .3%/month). Heterosis for mature weight was 3 to 7% (28 -+ 8 and 15 + 6 kg, respectively). No heterosis was observed for the maturation rate parameter. Birth weight (.048 + .025 kg/kg) and weaning weight (.142 + .044 kg/kg) of the first calves were positively related with mature size of the dam. Weaning weights of first calves increased with increasing rate of maturation of the dams (3.6 -+ 1.5 kg/percentage/ month) while birth weights remained unchanged. Under the culling criteria used in this study, the number of calves produced by a cow in her lifetime decreased (-.007 -+ .003 calves/kg) with increasing mature weight, while average weaning weight of the calves increased (.132 -+ .03 kg/kg). Total weight weaned, years in the herd and weight weaned per year tended to decrease (P>.05) with increasing mature 
Introduction
Numerous reports deal with the mature size and maturation rate of cattle. The thrust has been to characterize breeds, elucidate the genetic mechanism of these characteristics and relate the growth parameters to individual performance. The purpose of this paper is to relate mature size and maturation rate to the long-term productivity of cows. Many studies have demonstrated increased average weight for calves from larger cows. However, the question of how total productivity or weight produced per year is related to cow size is not as clear. This study addresses this question and examines the heterotic effects on growth and maternal performance in Angus-Milking Shorthorn crossbred cows.
Materials and Methods
Data were collected on the individual and maternal performance of a total of 182 Angus, Milking Shorthorn and reciprocal cross (Angus x Shorthorn and Shorthorn • Angus) cows. These cattle were produced in the first phase of a crossbreeding study described by Drewry et al. (1978) . The cows were born in the fall over a 5-year period starting in 1966. Calves were weaned at 210 +-14 days of age. All surviving heifers were first exposed to Hereford bulls at 16 to 18 months of age for a 60-day breeding period. During subsequent breeding seasons, cows were exposed to Charolais, Hereford or Red Poll bulls. All cows remained in the herd 51 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 1, 1981 until they failed to wean a calf in 2 different years or they completed at least 7 years in the breeding herd. A detailed description of the cow herd breeding and management is presented by Spelbring et al. (1977a) , who also reported data on the first three calf crops from these cows (Spelbring et al., 1977b) .
Data Collection. Individual weights of the heifers were recorded at birth, 120 days of age, weaning and monthly during the postweaning period. Weights and condition scores were recorded during the spring, summer and fall for heifers and cows in the breeding herd. Condition scores were assigned by consensus on a scale of 5 to 15, with 5 indicating very thin cows and 15 very fat cows. Measurements of maternal performance included birth and weaning weights of all calves produced through seven calving seasons and number of years in the herd through a maximum of 7 years.
Statistical Analysis. Growth parameters were estimated for each cow from her weight. The Brody (1945) Brody's model was chosen because of simplicity of interpretation and ease of estimation. Brown (1970) , in a comparison of five stochastic models, concluded that when growth beyond 6 months of age was studied, Brody's model was comparable in accuracy to other methods in estimating maturation rate and mature weight.
The estimates of A, B and k were analyzed by a least-squares model including birth year, breedtype and age of dam as main effects. A second model was also fitted, with average cow condition score used as a covariate for the derivation of condition constant estimates. Linear contrasts among breedtype means were calculated for estimation of the straightbred mean and breed, heterotic and maternal effects.
Maternal performance and its relationship to the growth parameters were studied through two analyses. First calf birth weights and age-adjusted weaning weights were analyzed by a model including'cow birth year, breedtype, calf sex and calf sire breed as main effects and estimates of the parameters A and k as covariates. Preliminary investigations of both models including mature weight and maturation rate indicated the regressions were homogeneous among breedtypes. Therefore, pooled regression coefficients were appropriate for describing the relationships between growth and maternal productivity. In addition, the linear contrasts discussed above were calculated. The second analysis dealt with the number of calves weaned, average calf birth weight, total calf weight weaned, average weight of calf weaned, years in the breeding herd and weight of calf weaned per year in herd. These six maternal characters were analyzed by a model including cow birth year, breedtype and age of dam of cow as main effects and estimates of the parameters A and k as covariates. In the later analysis, all weaning weights were adjusted to the same age (205 days), sex (steer) and sire (Charolais).
Results and Discussion
Estimates of the growth parameters for the four breedtypes and contrasts among the breedtype means are presented in table 1. When the parameters were unadjusted for cow condition, the Shorthorn cow had the lightest mature weight, but the difference between Shorthorn and Angus straightbreds was not statistically significant. The two crossbreds, while similar in mature weight, were heavier (P<.01) than the straightbreds. The amount of heterosis for mature weight was 28 kg, representing a 7% increase above the mid-parent mean of 415 kilograms. There were no significant differences among maturation rate parameter values for the breedtypes.
When the growth parameters were adjusted for cow condition, the ranking of the breedtypes changed. The Shorthorn straightbreds had the highest mature weight, and were similar in weight to the two crossbred breedtypes. Angus cows were lighter (P<.01) than the Shorthorn and crossbred breedtypes. The crossbreds were 15 kg (3.5%) heavier than their mid-parent mean. Differences between reciprocal crosses (maternal effects) were not statistically different from zero, although crossbreds from Shorthorn dams were 14 kg heavier than those from Angus dams. As with the unadjusted parameter estimates, there were no differences (P>.05) among the maturation rate parameters of the breedtypes on a condition constant basis, nor was there a heterotic response.
Results of the analysis of the relationship between growth performance and first calf maternal performance are presented in table 2. There were no differences (P>.05) among breedtypes in first calf birth weight or weaning weight. At weaning, steer calves were 15 kg heavier (P<.01) than heifer calves, and calves sired by Charolais bulls were 17 kg (9%) heavier (P<.01) than calves sired by Herefords. Regression coefficients for the effect of mature weight indicated that, with increasing mature weight, birth weight of first calf increased by .048 kg/kg, or 4.8% of the increase in mature weight, and first calf weaning weight increased by .142 kg/kg, or 14.2% of the change in mature weight (P<.05). However, as the maturation rate increased, first calf birth weight tended to decrease by 1 kg/%/month (P>.05), while weaning weight increased by 3.6 kg/%/month (P<.01), indicating that with selection for larger, faster maturing cows, there would be little change in the birth weight of first calves whereas weaning weights would increase markedly. The linear contrasts presented in table 2 indicated no significant breed, heterotic or maternal effects for first calf birth weight or weaning weight.
Results of the analysis of the cow performance characters are presented in table 3. Differences (P<.05) were found among the four breedtypes for all six characters. Straightbred Shorthorn cows remained in the herd fewer years and produced fewer calves, and therefore less total weight, than either the Angus or crossbred cows (P<.05). Angus and crossbred cows did not differ in these three characters. Calves of Angus cows had the lightest average weaning weight and differed (P<.01) from calves of cows of the other three breedtypes. Birth weights of calves from Angus cows were lower (P<.05) than those of calves from Shorthorn or Angus-Shorthorn cows but did not differ from those of calves from Shorthorn-Angus cows. The contrasts among the breedtypes indicated a breed effect (P<.05) for all maternal characters except calf weaning weight per year in the herd. Angus cows were in the herd longer and produced more calves and, therefore, more total calf weight at weaning than Shorthorn cows, whose calves had higher average birth and weaning weights. Heterotic effects were significant for all characters except average birth weight. Crossbred cows were in the herd longer, produced more calves of higher average weight and more calf weight per year in the herd than their straightbred counterparts. Crossbred cows produced 230 kg (22%) more total weight weaned than the mean of the straightbreds. This 22% increase in production was the cumulative result of greater longevity resulting from higher fertility of the crossbred cows and higher average weaning weight. These results are in agreement with those reported by Spelbring et al. (1977b) for the first three calf crops from these came cows.
Regression coefficients for mature weight indicate that as cow weight increased, average calf weaning weight increased (P<.01) but the number of calves produced decreased (P<.05), resulting in a nonsignificant decrease in total weight of calf produced. As the maturation rate parameter increased, there was a similar pattern of increased average weight weaned (P<.01) yet decreased number of years in the herd (P<.01) and number of calves produced (P<.05), resulting in a nonsignificant decline in total calf weight produced. There was no significant effect of either mature weight or maturation rate parameter on average calf birth weight. Therefore, like the first calf results, these findings suggest that selection for increased mature size and maturation rate would result in an increase in average weaning weight with little change in birth weight. However, longevity might decrease, resulting in less total calf weight weaned. Results reported by Hawkins et al. (1965) for Hereford cattle are similar to those reported here. Those authors reported that larger cows had fewer calves born or weaned per cow bred and weaned less total weight of calf. Carpenter et al. (1972) reported no effect of cow size on calf weaning weights of Hereford cows and lighter calf weaning weights for larger Charolais cows. However, in that study, the cows had been fed individually to a constant level of fatness. Brinks et al. (1962) reported increased average birth and weaning weights for calves from cows with heavier winter weights. The results of these and other analyses appear to agree that increases in the mature weight of cows will increase the average weaning weight of calves. Also, there is agreement that the number of calves produced per cow bred, or in a cow's life, will tend to decrease with increasing mature weight. The finding of increased average calf weaningj weight but decreased longevity and calf weight produced per year and lifetime by cows of heavier mature weight demonstrates the need to consider lifetime production in the evaluation of results. These three characters are dependent upon the culling procedures applied to a herd. With increased culling pressure based on cow fertility, longevity will decrease, but the average weight per cow per year should increase since there will be fewer open cows each year. Therefore, a comparison of cows performing under different production and(or) culling systems would have to be interpreted with great caution.
Estimates of heterosis obtained in this study are in agreement with those reported by other researchers. Smith et al. (1976) reported 2.5% heterosis for mature weight of crossbreds of Angus, Hereford and Shorthorn parentage. Those workers also reported nonsignificant reciprocal differences for mature weight. Cartwright et al. (1964) reported a 9 to 18% increase in mature weight for various percentage Brahman-Hereford crossbreds over that of the Hereford straightbred. Those authors postulated that this was an overestimate of heterosis. In a review of crossbreeding work, Cundiff (1970) reported a 14% heterosis value for weight of calf weaned per cow year. Cundiff et al. (1974) reported a 23% heterosis for kilograms of calf weaned per cow year for Angus, Hereford and Shorthorn crosses. That estimate is in close agreement with the 22% heterosis for total weight of calf produced found in this study. Results of these and other studies confirm the increased productivity of crossbred cows as a result of increased fertility, total weight of calf produced and longevity.
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